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COMPOSI-I”E FOAMS

Alice M. Nyrtray, Joel Williams and Ma* Wilkerson

Los Alarnos Nahonal Laboralov

Malenals Science and Technobgy Diwsion
Los Alarms. New Mexco

Introduction

Composite Ioilms have been prepared wluch mcorporale Ihe besl mtnbutes of two malenals.

Polystyrene em~lson loams prepared by Ihe Unllever melhodl ,Si aeroget, and resole foams

have been studlcd Ior use m laser lUSIOrI farqekz Foams for this applicatnn need !0 be strong

enough 10 wllhsland machmmg operations and handling, yel they also require small pore/cell

sizes becauss they must hold Iiqwd DT agamsl gravl[alronal forces. These attributes are ditficult

10 achieve m a smqle foam. The polystyrene emulsion loams have fhe advantages Ihat Ihey can

be prepared easily ow!r a wide ranqe 01 dcnslhos ( 015 qfcc to (),20q/ccI and are easy 10 handle

met machme. however. !he small CCII sizes needed for good wlckmq of fhe DT hquti fuel are

dlfficull fo achmvo On tho ofher hand, SI i~eroqel and resole foams have the desmd small cell

mzo ( ~. O 1 ilm), bul fh(? malerlals ~rn mechanically weak makmg Ihem dlfficuli 10 Iliide and

machma I Jsmq d bi~ckflllinq p~o~.j, we havtr bcon ilblo fo make binary composltn fOiIMS Ill

whrch the Lolls of fho polystyrene omulslon Ioflm have hen hlled wllh aeroqel or rasoln loam

1hese ma!erlals hnva Iho Srna[l cd SIZOS nnwied for qoo.d wlckinq of Ihu l@rJrd[) T fuel and are

mqqmt and o;lsy 10 mnchmo

I rquro 1 J,IVIWRIII?! Iylu( ,11OIMyI ,1111:;I1ll(:IIIIf! IJI ;I ~~(]lv:,lyr(!rllq(!IIUIIWOn fo;lrn ( () I (Ir(X:) with ~

1’1!11!;1/1) (1I ,lIX)III .1” ~lrll I 1(11111!.! ,111(1 :1 ‘,ll[)W!i 1111!!;.11111! Irjilrll Ilil(lkllll(!(l Wllll ! ;1 .ll!((’~[!l 411
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around 25mcj’cc, Al 1!) mg.’cc fhere was msulilclem Si aeroqel IO complete 1111Ihe Polystyrene

foam.

Figure 4 and 5 snow Ihe resole loams prepared from resorcmol-formaldehyde and

phloroglucmol-formaldehyde respechvelv. Ailhouqn Ihese malenals Illled the cells. the

comwslte foams tended 10 shrink somewhat upon ex[ramm especially al the mgher densities 01

resorcmol-formaldehyde. These same characlensllcs were repmcd earher for Ihe resole loams2

The phloroglucmol- formaldehyde filled composite foams showea IPSS :,hrmkaqe and could be

successfully hlled Iu lower concentrauons,

Deulenum WiCkit7q experiments wwre perlorrm?a aI lhe Nahonal Ruruau 01 Standards on

several of the composite foams IFigure 6) The r Ma (Fig 78 I Inalcales that the aerogel Idled

composite foam as well as the low delslty P/F filled foam w~ked [he hquld deufenum better Ihan

any of the mdrvidual mafenals. 3

Compression tesls indicate Ihal Ihe mmgth 01 the composite loam as well as It: machinability IS

delermmed solely by the slrength of the polystyrene foam,

At Ihe present hme. we are working to broaden the range of conqxmle foam densities and 10

deterrmne both Ihe chemical and phywcd propemes 01 these new mal.mals.

Experimental Section

p~~ne P~. s

Two stock soluhons were prepared: a 250 ml slack soluhon ccwrtammq 130 4g of

Wtramt?hybrthosllrcate m anhydruus methanol and a 200 ml stock salmon conlamnq 46q WI

waler m methanol [“qual imounls CIf solulmn of [he slock solulrcrnswere mlxcd and dllutt?dw~lh

aciditlonal methanol (or mclhanol nnd Iolumre) 10 qwe l!w des:ed dcrmty of Idler I or exarrple,

100 rrtq/cr# sllrca hlk?r(} Iqurn 1) was prenmed by mlxmq 2(Yml of onch !itock !mlutmns wrlh 10 ml

of Iolucfwl 1ho polyslyrwm Ionm W;IS wlmcrsd m 1110solllhon ,111(~lr;Ipp(I(l ;III WNS rt!frlnv~fi Irrlln

Ihr?ln;Im hy thdwlnq ;I v, I(:IIum ow!r 111.P Sohihnn Alltv III(? If)ilnl w,15 :;,llltr;lli!(f WIII1 lh(! solltlloll

Ihron (hop% al (:iII,IIv’.I [I!lltlt’r III IOIOIIOIIC n(;I(i or .;onm?rltr,lft!(l ,Irlmmrlllltll llydrr-)xrth~) ww(! tIddIM

In tfw solution II) 111111,111*llIc l)(llvllli~rl,’;lfinrl [ ifvwf; llly, Ilw (lI!l, II I(Itl (u”(:(jrrlql wIIIII;l ;’411 I Ill!



excess gel was removed from Ihe surtace 01 Ihe loam: and, the foam was placed m

remove the solvents frorT the go! nelwork. Alter a week of Iiduld CQ exlracmon.

dioxide was supercnfically extracted Lv rakwnq the temperature ot Ihe Polaron

1400psI The C02 gas was then vented skwly overnqhl .

.

a Polston to

the carbon

to 40C and

To make a 6 WI% resorcmol-formaldehyde foam. 3.25 g resorcmol and O 05q sodmrn Cartmnale

were dissolved m 50g 01 dislllled wafer While shrrmg, 25 ml of Isopropyl alcotwi and 4 130gof

37°~ Formaldehyde were added. The solullon was placed mm a bmtle. T?ie polystyrene foam was

Immersed m the Solullon and Irapped alr was removed Irom Ihe Icam t)y drawing a vacuum over

Ihe solulmn, The botfle was capped and placed m a 70C oven for a week 10 cure. The reddish-

amber gel was removed from fhe exterior 01 the foam and the solvent exchange process was

begun. Firsl, lhe filled loam was placed m a 50/0 acetic acd sotulhn al 50C for 24h The acid

solulion was than replaced by methanol. The melharwl was replaced wdh fresh melharml every

day for al Ieasl one we~k The tom’? was placed m a Polaron 10 remove the solvents from Ihe gel

nelwork, AHer a week of hqutd C02 extracllon, Ihe carbor! dloxtde was supercnlically exlracted

by ralsmq lhe Iemperalure of the Polmon 10 4(IC and 1400psI The C02 gas was Ihen venled

slowly ovem@-rt

The phloroglucmol-formaldehyde Idled loams were prepared m the same manner as Ihe

resorcmcl-forrnaldehyde loams exccpl phbroqlucmol was used m place of resorcmol
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Polystyrene Emulsion Foam
Density = 0.1 g/cc

h



100 mgjcc SiO foam

m 0.1 g;cc PS foam

50 mg/cc SiO foam

In 0.1 g/cc PS foam

Si Aerogel Foam
in Polystyrene Foam



Si Aerqel Foam
in Polystyrene Foam

25 mg/cc SiO foam

m 0.1 C@ PS foam

10 mg/cc SiO foam

Ino.1 g/CC PS foam

F“lgurt!3



Resorcinol-Formaldehyde Foam
in Polystyrene Foam

6 wt?%R!F foam

.n 0.1 g,’cc PS foam

4 wtO/~R/F foam

in 0.1 g/cc PS foam

Figure 4



Phloroglucinol-Formaldehyde Foam
in Polystyrene Foam

7 wtO/’ P/F foam

in 0.1 g/cc PS foam

2 wt% P/F foam

in 0.1 g/cc PS foam
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Figure Q

Composite Foam
tv Q/Ccl D2 (@ D2 [CC) Por~tv g,
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